M A N U S C R I P T A C C E P T E D INTRODUCTION 48
For many species, the period of time before individuals' reach maturity is crucial 49 in developing their future behavior. In dogs, experiences between 3-12 weeks of 50 age (the "socialization period") are known to play a vital role in shaping adult 51 behavioral development and the various effects of experience at this age are well 52 documented (Scott and Fuller, 1965) . In humans and rats, experiences during 53 adolescence (the period of sexual maturation; Crone, 2009) The domestic dog's adolescence is thought to occur between 6-9 months of age 63 in males, and 6-16 months in females (Anderson, 1970; Pineda and Dooley, 64 2003), whilst behavioral and social maturity is reached between 12-14 months 65 of age (Overall, 2013) . Despite the potential importance of experience upon 66 behavioral development during this stage, little is known about the effects of a 67 dog's environment between 3-24 months of age upon the behavior of adult dogs. 68
From the few studies that have been conducted, factors such as hours left 69 unattended has been shown to be associated with behavior scores on a 70 standardized behavior test (Foyer et al., 2013) . Additionally, the number of 71 people in the household, prior experience of dog ownership and amount of 72 training experience received was associated with 'trait' scores from a 73 questionnaire (Bennett and Rohlf, 2007) . Further research is required in order to 74 confirm these findings, and to dissect the relative influences of genetic and 75 environmental factors on different behavior traits.
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for assistance dogs, to match them with their future owners. As such, a greater 79 understanding of how environmental factors influence dog development could 80 be of great value to working dog organizations. Guide Dogs, UK breed the 81 majority of their own dogs (Asher et al., 2013) , and have guidelines to try and 82 standardize the amount of social and environmental exposure (socialization and 83
The questionnaire was also completed by PWs of dogs that participated in a 142 behavior test (see Harvey et al., 2015 for details). To evaluate inter-rater 143 reliability, when two members of the same household that were responsible for a 144 dog attended the behavioral test, both individuals were asked to complete the 145 questionnaire without conferring. Twenty-one PW dyads were recruited to 146 complete the questionnaire based on our sample size estimation (α=0.05, β=0.20, 147 minimum -maximum acceptable coefficient = 0.30 -0.70), according to Walter et 148 al., (1998) . 149
Invitations to complete questionnaires when the dogs turned 8 and 12 months 150 old were again sent by post or email when each dog turned 34 and 51 weeks of 151 age, respectively. 152
ETHICS 153
Participants were contacted with ethical approval from Guide Dogs, UK, and 154 according to University of Nottingham institutional guidelines. Written informed 155 consent was gained from each PW and participants were able to withdraw from 156 the study at any time. 157
SCALE STRUCTURE AND INTERNAL RELIABILITY 158
Internal reliability of C-BARQ and PWQ scales, based on expected groupings of 159 items (expected scales), were assessed using Cronbach's alpha. PWQ items were 160 then analysed via principal components analysis (PCA), at each age in order to 161 confirm expected scale structures or aid identification of improved structures. 162 PCA's were conducted with eigenvalues >1, using varimax rotation based upon a 163 correlation matrix, and loadings of more than 0.40 were considered as salient 164 (Budaev, 2010) . If an item loaded >0.40 on more than one component (group of 165 items identified by PCA) it was removed from the component for which is had 166 M A N U S C R I P T
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scores were calculated for each scale based upon the items within them (with 172 negatively correlated items reversed using "100 minus score"). Alpha values of 173 more than 0.6 were considered acceptable (Hsu and Serpell, 2003 Inter-rater reliability of the PWQ scales and miscellaneous items was examined 182 using intraclass correlation coefficients (ICC's). ICCs were calculated for each of 183 new scale scores and miscellaneous items, using a two-way mixed model with a 184 consistency method (Nichols, 1998 
CONSTRUCT VALIDITY 190
Scores from the 12-month questionnaire were used to assess construct validity. 191
Predictions of positive and negative correlations between the PWQ scales and C-192 BARQ scales were made based on the constructs they were designed to assess. 193
The C-BARQ scales were included in this analysis to help validate the new scales. 194
Spearman's Rank correlations were performed to test expected correlations. 195
Each predicted correlation either convergent (positive) or divergent (negative), 196 was considered to be an individual hypotheses, which if shown to be correct 197 would support the construct validity of the scales (i.e., that they are reflecting theM A N U S C R I P T
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was applied (Simes, 1986) to control for multiple testing, following the 200 procedure described in Haccou and Meelis (1992) . The association between rearing environment and behavior scores was 208 examined for each of the scales from the C-BARQ and the PWQ scales that were 209 found to have acceptable levels of internal reliability and temporal consistency (a 210 requirement for personality scores). Univariate general linear regression was 211 initially applied with each scale score being a dependent variable and each 212 variable from the 'Environmental Information' survey included sequentially as a 213 fixed effect. Any independent variables that were significantly associated with a 214 scale score to p<0.1 were then analysed against the scale score via multivariate 215 linear regression. A backwards stepwise approach was taken, followed by a 216 forwards stepwise approach, using the ANOVA function in R to choose between 217 models in both stages (both approaches were used to test for robustness of the 218 models which would be indicated by convergence of results from each 219 approach). Breed and sex were included as fixed effects in each final model and 220 retained if significant to p<0.05. This process was conducted for each scale score. Following the PCA and internal reliability analyses of the PWQ items, only one 245 scale was found to have optimal internal reliability in the expected structure: 246 Distractibility (see Supplementary Table 2 for PCA loadings). The six items from 247 the scale designed to assess 'environmental anxieties' (General Anxiety) 248 separated into two components in PCA for each age group. The new component 249 contained the two items relating to anxious or uneasy behavior on stairs, so this 250 was named Stair Anxiety. Two of the four items created to assess 'body 251 sensitivity' loaded together in all three PCA's and met the requirements of 252 acceptable internal reliability so became the scale Body Sensitivity. Two 253 expected scales (items grouped as they were designed to) had best internalM A N U S C R I P T
Internal reliability of the C-BARQ scales was acceptable (>0.60) for all scales. 257
PWQ TEMPORAL CONSISTENCY AND INTER-RATER RELIABILITY 259
Consistency of scores over time (temporal consistency), as measured by 260
Spearman's correlations, showed that inter-individual consistency was higher 261 than expected for most scales (Table 2) Information survey were associated with the 12M scale scores. The two variables 290 that had no associations with the scores were puppy class attendance and pet 291 dogs owned previously (Table 4) . Increasing PW age was associated with dogs 292 with decreased scores for Excitability and Distractibility, and increased scores 293 for Trainability. More children in the household was associated with increased 294 scores on Excitability, Energy Level and Distractibility. Previous puppy walking 295 experience of the PW was associated with reduced scores on Energy Level and 296 Distractibility (and there was a trend towards an association with Excitability), 297 but whether the PW had previously owned pet dogs or not was not associated 298 with any score. Separation-related behavior scores decreased the more the dogs 299
were allowed to play with other dogs, and if the dog was left unattended on a 300
weekend day for between 1-2 hours compared to 0-1 hours. Finally, scores for 301
Distractibility also decreased if the dogs were left unattended on a week or 302 weekend day for between 1-2 hours compared to 0-1 hours. Only one association 303 was found with General Anxiety, for which there was a trend (p<0.1) for scores 304 to decrease for each other dog they shared the household with. No associations 305
were found between the rearing environment variables and scores for 306 Attachment and attention seeking. 307
Multi-collinearity between rearing environment variables occurred for four 308 scales (Excitability, Separation-related behavior, Trainability and Distractibility). 309
Models were run using backwards and then forwards stepwise regressions and 310 convergence between approaches was achieved. Use of the ANOVA function to 311 select the best model with the least number of variables allowed for the 312 identification of the fixed effects that explained the most variance, thus 313 identifying only the most salient variables (Table 5 ). The multivariate analyses 314 produced five models: Energy Level (3 predictors, R 2 = 8.5%), Excitability (1 315 predictor, R 2 = 3.4%), Separation-related behavior (1 predictor, R 2 =2.3%), 316
Trainability (1 predictor, R 2 = 3.0%) and Distractibility (1 predictor, R 2 = 4.4%). 
DEVELOPMENT OF QUESTIONNAIRE 353
The PWQ was developed to be reliable and feasible for routine application. Tables   Table 2. Reliability statistics for PWQ scales. Cronbach's alpha statistics are provided for internal reliability at each age and mean across the ages, Spearman's correlations between ages are provided for temporal consistency and Intra-Class Correlation coefficients (ICCs) are provided for inter-rater reliability.
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Internal reliability Temporal consistency (n=176)
Inter-rater reliability (n=21) 
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HIGHLIGHTS
• A composite questionnaire for juvenile guide dog behavior is described and evaluated • Reliable scoring scales were identified that could represent dog personality 'traits'
• Associations were identified between rearing environment and questionnaire scores • Factors related to the dog's social environment were most associated with the 'trait' scores
